Abstract: Brass is widely used as turbine material for cooling system for marine propellers. However, it is vulnerable to corrosion by contact of air or aqueous chloride solution. The essential oil of Myrtus communis (MO) was tested as a brass corrosion inhibitor (Cu70-Zn30) immersed in the 3% NaCl solution, using a polarization technique and electrochemical impedance spectroscopy. The effect of MO concentration, temperature and immersion time was studied to evaluate the action of the inhibitor. The results showed that the protection efficiency was enhanced with the increasing of MO concentration, and the potentiodynamic polarization experiment showed that MO acts essentially as a cathodic inhibitor. In addition, experiments have shown that MO inhibition efficiency decreases with increasing immersion time and temperature. The film adsorbed on the brass surface containing MO was confirmed by the results of the Scanning Electron Microscope (SEM) and the Energy Dispersive X-ray (EDX). The overall results affirmed the potential use of MO as inhibitor agent of brass corrosion in the 3% NaCl solution.
INTRODUCTION
The majority of marine propellers are made from copper and its alloys [1] . Brass (Cu-Zn alloy) has been widely used for shipboard condensers, central condensers and petrochemical heat exchangers [2, 3] . It corrodes easily in aqueous solutions of chloride and air [4] . When the brasses, containing more than 15% of zinc, are exposed in a corrosive environment, they are not only causing general corrosion damage but also causing dezincification process involving a preferential dissolution of zinc, leaving a spongy mass of copper on the alloy surface [5] . Recently, many methods have been developed aiming to reduce the rate of dezincification of brass. One of these is the use of corrosion inhibitors. Several organic compounds, such as the heterocyclic derivatives, act as inhibitors and are able to form a protective film on the surface of a metal through their functional groups that are physically or chemically adsorbed in the brass.
Considerable efforts have been made to find corrosion inhibiting compounds for different corrosive media. Most of these inhibitors are unfortunately toxic and not friendly to the environment. Thus, several studies have been conducted to examine essential oils and organic compounds extracted from natural resources [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
These antioxidant organic compounds are synthesized or extracted from aromatic and medicinal plants, and are therefore safe for the environment and humanity [17] . The potential in essential oils as corrosion inhibitors for different metals and alloys in various environments allows the development of several researches in this field. However, no previous study has tested the effect of the essential oil of Myrtus communis L. (MO) as a corrosion inhibitor of brass (Cu70 / Zn30) in the 3% sodium chloride solution. (Myrtaceae) is an aromatic and medicinal evergreen shrub grown in a Mediterranean climate. Since antiquity, it has been used as an antiseptic and disinfectant remedy, as well as in food as a spice [18] . Leaves and fruits are traditionally used as antiseptic, disinfectant and hypoglycemic agents [19] . The chemical inventory of Myrtle shows various extracts of interesting chemical elements extracted from leaf extracts [20, 21] and essential oils [22] . This paper aims to study the effect of Myrtus Communis (MO) essential oil on the corrosion of brass in a 3% NaCl solution, using electrochemical polarization and electrochemical impedance (EIS) methods. The effect of MO concentration, immersion time and temperature was also evaluated.
MATERIALS AND METHODOLOGY

Plant Collection and Essential Oil Extraction
Myrtus leaves were harvested in the Tetouan region of Morocco. The myrtle branches were dried in the shade at room temperature (25ºC), then hydro distillated for 4 hours. The essential oil obtained was dried over anhydrous sodium sulphate and then stored at 4-5 °C.
Electrochemical Method
The electrolysis cell is a Pyrex cylinder with a volume of 100 ml, covered with a cap with five openings. Three of them were used for the electrodes. The working electrode (WE) is made of brass and has a chemical composition of 70Cu-30Zn; the surface in contact with the corrosive medium is 1.76 cm 2 . The working electrode was abraded with water by successsive treatments with emery paper of 400-2000 grade, until a smooth and flat surface was obtained. Afterwards, it was washed with distilled water then with a degreased solvent and allowed to dry. To measure potentiodynamic polarization and electrochemical impedance spectroscopy, we used Voltalab PGZ 301 and Voltamaster program to analyze measurement data. Three types of electrode configurations were adopted in the experiments. The brass (70/30) was used as the working electrode whereas SCE (Hg/Hg2Cl2-sat.KCl) electrode and platinum wire were respectively employed as a reference electrode and a counter electrode.
The polarization curves were recorded at a constant sweep rate of 0.5 mV/s in the range [-400 to +50] mV relative to the open circuit potential (Ecorr). The values of corrosion current density (icorr) were obtained using the Tafel extrapolation method considering 250 mV as an interval around the Ecorr value once it is stable [23] . Using the same equipment, electrochemical impedance spectroscopy (EIS) was carried out without considering the frequency response analyzer.
After the determination of the steady-state current at a given potential, sine wave voltage (10 mV) peak to peak, at frequencies between 100 kHz and 10 mHz was superimposed on the rest potential. Computer programs controlled automatically the measurements performed at rest potential after 30 min of exposure. All potentials were reported against saturated calomel electrode (SCE). The impedance diagrams can be observed in the Nyquist plots.
RESULTS AND DISCUSSION
Chemical Composition of Myrtus Communis L. (MO)
The results of the GC / MS analysis of the hydrodistilled essential oil Myrtus Communis L, identified 49 different components in the oil which represent 97.56% of total compounds in the oil ( Table 1) . According to the results of the analysis, cineole was the most abundant component of the oil (45.36%). The other main components of the oil were α-terpinene (25.32%), myrtenyl acetate (13.29%), α-terpinyl propionate (3.06%), β-caryophyllene (2.28%) and Santolina-triene (1.24%). The Chemical structures of the main constituents of Myrtus oil (MO) are represented in Figure 1 . 
Polarization Curves
The cathodic and anodic polarization curves of the brass alloy (Cu70 / Zn30) in a 3% NaCl solution in the absence and in the presence of MO at different concentrations are presented in Figure 2 . The electrochemical parameters are presented in Table 2 .
In this case, the inhibition efficiency (E %) is defined as follows:
Where and ′ , are the corrosion current density values without and with inhibitor respectively, determined by the extrapolation of Tafel cathodic straight lines to the corrosion potential.
The current density is obtained by extrapolation of the intensity-potential curve after diffusion correction, using the following relationship [12, 13] :
Where:
I current density at mixed process, I * corrected current density, IL limited current density. The result indicates that the inhibitor has been adsorbed to cathodic areas [24, 25] , which indicates that Myrtus Oil (MO) mostly controls the cathodic reaction and acts as a cathodic inhibitor [26] . As shown in Table  2 , the decrease in the corrosion rate can be explained by the inhibitory action of (MO) on the cathodic branches of the polarization curves by blocking the cathodic process. In addition, the current density (icorr) decreases with the increase of the inhibitor concentration without modifying the brass dissolution mechanism [27] . Myrtus oil appears to be adsorbed to the metal surface by blocking active corrosion sites [28, 29] . The efficiency increases with the concentration of the inhibitor, reaching 87.26% for a concentration of 2 g / L of Myrtus oil. Therefore, Myrtus oil is a good inhibitor of brass corrosion in 3% NaCl solution.
Electrochemical Impedance Spectroscopy Measurements
The corrosion effect of the brass in 3% NaCl solution in the absence and in the presence of (MO) is tested by EIS, after 30 min of immersion. The values of charge-transfer resistance (Rt) are calculated based on the difference between impedance at minimum and maximum frequencies [30] . The double-layer capacity (Cdl) and the maximum frequency (fmax) are identified based on the following equation:
Where is the frequency at which the imaginary component of the impedance ( ) is maximum and is the diameter of the loop.
The impedance diagrams are obtained for the frequency range 100 KHz-10 mHz at the open circuit potential for brass in the 3% NaCl solution in the absence and in the presence of Myrtus oil which was also investigated by EIS method after 30 min of immersion (Figure 3) . The derived impedance parameters used for these analyses are listed in Table 3 , which gives the values of charge transfer resistance ( ), double layer capacitance ( ) and ( ) derived from Nyquist plots and their inhibition efficiency. The inhibition efficiency was calculated from the charge transfer resistance by the following relation: Where and ′ are the charge-transfer resistance values without and with inhibitor, respectively.
From Figure 3 and Table 3 , the overall shape of the loops is very similar for all samples. The shape of curves is maintained for all concentrations, indicating that no change in the corrosion mechanism occurs due to the addition of inhibitor [31] . The impedance spectra have only one depressed half-circle. This later appears to increase with inhibitor concentration. The single semicircle can be attributed to the charge transfer that has occurred at the electrode / solution interface, and to the transfer process that controls the corrosion reaction of the brass. In addition, the mechanism of dissolution of brass did not change with the presence of inhibitor [32] .
In fact, the decrease in the value of the double-layer capacitance (Cdt) means that the inhibiting film is formed by adsorption of MO on the metal surface [33] . And the value of the charge transfer resistance (Rt), which increases with increasing inhibitor concentration (MO), reflects the increase in inhibitory efficiency.
In conclusion, the results obtained by the polarization technique in a concentrated solution of 3% NaCl were in good agreement with those obtained by electrochemical impedance spectroscopy (EIS) with slight variations.
The electrochemical impedance spectroscopy (EIS) results of these capacitive loops are adjusted using the circuit equivalent to the pure electric models (Figure 4) . The circuit used allows identifying both the resistance of the solution (Rs) and the charge transfer resistance (Rt). It should be noted that the value of double layer capacity (Cdl) is affected by surface imperfections. Therefore, this effect is simulated via the constant phase element (CPE) [34] . 
Effect of Immersion Time
Polarization Curves
To follow the effectiveness of the inhibition, we studied the evolution of different immersion times in the aggressive environment with and without addition of the inhibitor. The results obtained provide important information on the stability of the protective film formed on the surface of the brass. The effect of immersion time (1h-24h) on the inhibition of corrosion in absence and in presence of 2g/L of Myrtus oil in a 3% NaCl solution, was obtained by potentiodynamic polarization (Figures 5 and 6) . The data are shown in Table 4 .
We can note that the Ecorr corrosion potentials are slightly shifted towards more positive values while the icorr values increase significantly with increasing immersion time. As shown in Table 4 , it is evident that icorr has slowly increased to 4 h immersion, and rapidly between 4h and 24 h. The effect of increasing the immersion time in the curves is characterized by an increase in the current density of corrosion. The effect of increasing the immersion time in the curves is characterized by an increase in the corrosion current density. Increasing the rate of corrosion and decreasing the inhibitory efficiency results in a reduction in the thickness of the surface inhibiting film ( Table 4 ). In addition, over time, it appears that the inhibitory effect probably decreases because some defects exist in the film, leaving their access to aggressive anions at the brass and inhibitor interface [33] . On the other hand, the inhibition efficiency depends on the immersion time of samples in the corrosive medium (from 89% for 2 hours to 64% for 24 hours). This can be attributed to the fact that the protective film formed on the metal surface tends to lose its density by increasing the immersion time [35] .
Electrochemical Impedance Spectroscopy Measurements
Figures 7 and 8 represent the Nyquist diagrams for brass at different immersion times in absence and presence of 2g/L of Myrtus oil. The associated values are reported in Table 5 . The results show clearly that the size of the impedance spectra is influenced by the immersion time. This indicates the variability of the inhibition efficiency of the inhibitor. The values of Rt decreased slightly from 7.58 to 5.72 KΩ.cm 2 in two hours of immersion and decreased rapidly afterwards. These results showed that the adsorption of Myrtus oil on the surface of the electrode was completely finished between 1 hour and 2 hours immersion [36] .
The adsorption of the film reached its maximum thickness in [1h -2 h]. All of these results confirm that the increase in immersion time has only reduced the inhibitory efficacy of Myrtus oil.
Effect of Temperature
Polarization Curves
The effect of temperature on brass corrosion was examined in absence and in presence of MO (2 g Table 6 .
By evaluating Figures 9, 10 and Table 6 , it is clear that as the temperature increases from 5°C to 35° C, it affects all electrochemical parameters. It can be seen that the corrosion densities (icorr) increase while the corrosion potential values (Ecorr) are shifted to negative values.
From Table 6 , it is found that in the temperature range of 5°C to 25°C the inhibitory efficiency decreases from 92% to 87%. This is obvious because the inhibitor is physically adsorbed at a low temperature, whereas chemisorption is preferred when the temperature increases [37] .
But in the temperature range of 25°C to 35°C, it can be noted that the decrease in inhibitory efficiency from 87% to 72% is probably due to the increase in the desorption rate of Myrtus oil from the brass surface at 35°C [38, 39] . This can be explained by the degradation of the structure of the existing compounds in the inhibitor. This behavior also shows the physical nature of the Myrtus oil adsorption in the 3% NaCl solution [36] . These results confirm that Myrtus oil inhibits corrosion in the temperature range studied. Figures 11 and 12 show the effect of the temperature on the corrosion of brass in 3% NaCl, using the impedance spectra, for a temperature between 5°C and 35°C, in absence and in the presence of 2 g /L of Myrtus oil inhibitor and after 1 hour of immersion. The corresponding data is displayed in Table 7 .
Electrochemical Impedance Spectroscopy Measurements
Based on these results, it can be noted that the values of Rt decrease as the temperatures of the control solution increase. In the presence of inhibitor Myrtus oil, the dissolution of brass is strongly retarded and the effectiveness of the inhibition seems to be improved. This behavior can be interpreted by the fact that the increase in temperature leads to the desorption of the brass surface inhibitor [40, 41] . This may be due to the decrease of the high temperature adsorption process, which suggests a physical adsorption mode [42] .
All the impedance spectra show one single depressed semicircle, which diameter increases with the de- creasing temperature. Table 7 shows that Cdl values increase with temperature, whereas the Rt values at low temperature are higher than those at high temperature, indicating that the higher temperature facilitates the dissolution of brass [43] . 
Scanning Electron Microscope (SEM) and Energy Dispersive X-Ray (EDX) Results
Prior testing the sample morphology was scanned using scanning electron microscope (SEM). Figure 13 shows the SEM micrographs of the surface of the (Cu70-Zn30) alloy before and after immersion in 3% NaCl in the absence and in the presence of the optimum concentration of the MO inhibitor.
In order to see if the composition of the Myrtus oil is adsorbed on the brass surface or not, SEM and EDX experiments were performed before the corrosion test.
 Figure 13a shows a micro-graph (SEM) of the brass surface without additions of the NaCl solution or inhibitor, and it can be seen that the surface condition of the fresh brass is uniform with some scratches appearing during polishing.
 The high resolution SEM micrograph ( Figure  13b) shows that the brass surface was severely damaged when immersed in 3% NaCl for 24 hours due to corrosion product coverage.
 The morphological images for the brass surface exposed to 3% NaCl solution with 2 g/L of Myrtus oil for 2 hours immersion are shown in Figure 13c . As can be seen, a uniform film is formed on the surface of the brass. This is due to the formation of a film of the MO inhibitor, which has been adsorbed on the surface of the brass.
 For a 24-hour immersion in 3% NaCl with 2g/L of MO (Figure 13d) , the images show a no uniformity in the productive film formation and some precipitates observed are NaCl crystals which may have appeared due to the desorption of volatile compounds of Myrtus Oil. Figure 14 shows the Energy Dispersive X-ray (EDX) profile analysis; the spectrum may identify the components of the inhibiting film present on the surface of the electrode before and after reacting with the inhibitor solution.
 The qualitative and quantitative EDX analysis of the base material shows the presence of peaks of the constituent elements of the crude brass cartridge (copper and zinc) (Figure 14a ).  After immersion for 24 hours in 3% NaCl (Figure  14b ), chlorine and oxygen atoms appeared with copper and zinc due to the formation of oxides and chlorides of both copper and zinc complexes (Cu2O, CuCl2 and ZnO, Zn Cl2) [44, 45] .
 Figures 14c and 14d show the brass surface exposed to 3% NaCl solution with 2 g / L MO after 2 hours and 24 hours immersion respectively.
The existence of the peak of carbon and oxygen in the EDX spectra (Figure 14c) indicates that Myrtus Oil has been adsorbed on the surface of the alloy, which confirms the formation of a thin inhibiting film. After immersion 24 h in 3% NaCl solution with 2g/L MO (Figure 14d) , we notice the peak due to the carbon decreased dramatically and the chloride atoms appeared in the inhibiting test, it can be explained by desorption of the molecules to the electrode surface.
This indicates that Myrtus oil can be used as temporary inhibitor for brass corrosion in 3% NaCl solution [36] .
CONCLUSION
The effect of the Myrtus oil inhibitor on brass corrosion in 3% sodium chloride medium was examined by  The potentiostatic polarization measurements indicated that Myrtus Oil (MO) mostly controls the cathodic reaction and acts as a cathodic inhibitor without modifying the dissolution mechanism of the brass.
 The impedance studies have shown that the variation of the resistance and the decrease of the value of the double layer capacitance (Cdt) in the presence of MO are related to the adsorption of the inhibitor on the metallic surface, which confirms the formation of a protective film.
 The effect of increasing the immersion time from 1h to 24h is characterized by the increase of the corrosion current density, the increase of the corrosion rate and the decrease of the inhibition efficiency, which is attributed to a decrease in the thickness of the surface inhibiting film.
 The Myrtus oil studied is very resistant to corrosion at low temperatures.
 The inhibition efficiency is remarkable between 5 °C and 15 °C due to the adsorption of the active inhibitory molecules on the metal surface, but remains acceptable up to 35 ° C due to the desorption process. However, above this threshold, it decreases considerably.
 The SEM images obtained by scanning electron microscope in the presence of these compounds revealed the formation of a thin film on the surface of the brass, indicating that the main inhibition process occurs by adsorption. This adsorption is confirmed by EDX analysis (Energy Dispersive X-ray). 
LIST OF ABBREVIATIONS
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